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(54) MESFET witli recessed gate and method for producing same 



(57) A field effect semiconductor device includes: 
an active layer having a first recess on tiie surface 
thereof, the first recess extending in a first direction; a 
source electrode and a drain electrode provided on the 
active layer on either side of the first recess; and a gate 
electrode provided on a bottom surface of the first 



recess. A second recess is provided on the surface of 
the active layer between the first recess and the drain 
electrode. The second recess is preferably shallower 
than the first recess. 
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Description 

BACKGROUND OF THE INVENTION 

1. FiQlc<ofthe Inv^ntipn s 

The present invention relates to a field effect semi- 
conductor device and a method for producing the same 
and. more particularly, to a technique for improving the 
breakdown voltage of a field effect semiconductor 10 
device such as, for example, a GaAs MESFET or the 
like. 

2. PescrlptlQn pf the Related Art 

IS 

There is increasing demand for field effect transis- 
tors (FETs) having high performance, high output, high 
efficiency, and high reliability. An FET having a high 
breakdown voltage is especially in demand. 

The breakdown voltage of ah FET is thought to be 20 
related particularly to a breakdown due to the electric 
field localized at a particular point between the gate and 
drain when a voltage is applied between the source 
electrode and the drain electrode. See. for example. 
IEEE Transactions on Electron Devices, Vol. 35. No. 11 , 25 
pp. 1 765-1 770, November 1 988. 

In order to improve the breakdown voltage of an 
FET. an impurity concentration of an active layer and a 
structure of recess in a recessed structure FET are con- 
ventionally optimized. 30 

Rgs. 12(a) to 12(d) illustrate a production process 
of an FET 51 having a step recessed structure for 
improving its breakdown voltage. In tiiis process, as 
shown in Fig. 12(a). after evaporating an electrode 
material to form a source electrode 55 and a drain elec- 35 
trode 56 on the surface of a substrate 54 which includes 
an active layer 53 epitaxially gi-own on a semi-insulating 
GaAs layer 52. a first resist film 57 is fonmed on the sur- 
face of the substrate 54 so as to cover the source and 
drain electrodes 55 and 56 therewith. 40 

The first resist film 57 is then patterned to open a 
window 58 in the first resist film 57 between the source 
and drain electrodes 55 and 56. Subsequently, the sur- 
face of the active layer 53 is etched using the first resist 
film 57 as a etching mask to form a first recess 59 in the 45 
active layer 53 as shown in Fig. 12(b). After removing 
the first resist film 57, a second resist film 60 is formed 
on the surface of tiie substrate 54 and a window 61 
wider than tiie window 58 extending in the length direc- 
tion of the gate is opened in tiie second resist film 60. so 
The surface of the active layer 53 is again etched using 
the second resist film 60 as an etching mask and a sec- 
ond recess 62 is formed so as to overlap the first recess 
59. Thus, a step recess 63 as shown in Fig. 12(c) is . 
formed In the active layer 53. Subsequentiy, after ss 
removing the second resist film 60. tiiird resist film (not 
shown) having a gate electrode pattern is fbrmed on the 
surface of tiie substrate 54. A gate electrode metal is 
deposited over the third resist film, and a gate electrode 



64 is formed in the step recess 63 by a lift-off method as 
shown in Fig. 12(d). 

In the case of FETs which do not have recesses 59 
and 62. an electric field is localized at the region below 
the edge of an electrode, in particular at the surface 
region below the edge of tiie gate electrode 64. There- 
fore, a leakage current or a current due to an avalanche 
breakdown is likely to flow to the gate electrode S4. 

On the other hand, if a step recessed structure as 
described above is employed, the electric field at the 
region of the step recess 63 Is delocalized, so the con- 
centration of the electric field immediately below the 
edge of the gate electrode 64 can be alleviated. There- 
fore, an increase in the leakage current can be sup- 
pressed, and the breakdown voltage is increased. 

However, in the conventional FETs, such a step 
recessed structure at the gate electrode is not effective 
to relieve the concentration of the electric field under the 
edge of the drain electrode, which results in an insuffi- 
cient improvement in breakdown characteristics. Thus 
there arises a demand for more improvement jn the 
breakdown characteristics and for further reduction In 
the gate leakage cun-ent. 

Further, in tiie above-described step recessed 
structure, it is necessary to form the second recess 
overlapping the first recess, i.e.. it is necessary to use 
two resist films for forming the step recessed structure 
in the active layer. Therefore, tiiere arises the problem 
of misalignment of the window opened in tiie first resist 
film witii the window opened in tiie second resist film, 
which likely occurs each time a FET is manufactured 
due to alignment errors of the photomasks used for 
forming the windows of the first and second resist films. 

As a result, the shape of the step recessed struc- 
ture is likely to deviate from an Ideal shape, which 
causes deviation of the source resistance and of ^he 
high frequency characteristics of tiie FETs. 

SUMMARY OF THE INVENTION 

The present Invention has been developed in ijght 
of the above disadvantages of the prior art, and its 
object, in a field effect semiconductor device, is to 
improve the breakdown voltage of em FET by alleviating 
the localization of electric fields. 

A further object is to suppress the deviation in high 
frequency characteristics that may be due to errors in 
the alignment of photomasks used for producing PeTs. 

The field effect semiconductor device of an embod- 
iment of the present invention has a first recess formed 
on an upper surface of an active layer between a source 
electrode and a drain electrode, a gate electrode 
formed in the first recess, and a second recess formed 
on the upper surface of the active layer between the first 
recess and the drain electrode. 

in this embodiment, the second recess is advanta- 
geously shallower than the first recess. 

A first mettiod for fabricating the field effect semi- 
conductor device of the present Invention has the steps 
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of forming a coating on an upper surface of an active 
layer, simultaneously forming openings in the coating at 
positions where first and second recesses are to be 
formed, and forming first and second recesses by etch- 
ing the active layer through each of the openings pro- 5 
vfded in the coating. 

A second method for fabricating the field effect 
semiconductor device of the present Invention has the 
steps of forming a coating on an upper surface of an 
active layer simultaneously forming openings in the 10 
coating at positions where first and second recesses 
are to be formed, sealing one of the openings with a 
resist material and forming one of the first and second 
recesses through the other opening, then reopening the 
one opening sealed by the resist material and sealing is 
the other opening with the resist material, and forming 
the other of the first and second recesses through the 
reopened opening. 

A third method for fabricating the field effect semi- 
conductor device of the present invention has the steps 20 
of forming a first coating in at least a region where a 
second recess is to be formed, but not in a region where 
a first recess is to be formed, on an upper surface of an 
active layer, forming a second coating on the upper sur- 
face of the active layer from atKsve the first coating, and 2S 
simultaneously forming openings in at least the second 
coating at positions where the first and second recesses 
are to be formed, then forming the first recess by etch- 
ing the active layer through an opening In the second 
coating, and forming the second recess by etching the 30 
active layer through an opening in the second coating 
and an opening formed in the first coating correspond- 
ing to the opening in the second coating, the second 
recess being formed shallower than the first recess by 
utilizing differences in etching characteristics of the first ss 
coating and the second coating. 

Since in the field effect semiconductor device of the 
present invention a second recess Is formed between a 
gate electrode and a drain electrode which are formed 
in a first recess, although the electric field in the vicinity 4o 
of the second recess Is large, the localized electric field 
concentration below the edge of the gate electrode and 
below the edge of the drain electrode can be alleviated. 
As a result of this, avalanche breakdown in the field 
effect semiconductor device can be suppressed: Also, 4S 
an increase in the gate leakage curent due to the field 
concentration can be reduced. Consequently, the 
breakdown voltage performance of the field effect sem- 
iconductor device can be greatly improved without 
adversely affecting its high frequency characteristic. so 

In addition, in the method for fabricating the field 
effect semiconductor device of the present invention, 
because it is possible to simultaneously form the win- 
dows for forming the first and second recesses in a film 
whidi covers a region in which the first and second ss 
recesses are to be formed, displacement in the align- 
ment of the first and second recesses does not occur 
and precise alignment of both recesses can be 



achieved. Thus, inconsistencies in the high frequency 
characteristic can be reduced. 

Other features and advantages of the present 
invention will become apparent from the following 
description of the invention which refers to the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view showing the struc- 
ture of a field effect semiconductor device according to 
an embodiment of the present invention. 

Rg. 2 is a cross-sectional view showing the struc- 
ture of a field effect semiconductor device according to 
another embodiment of the present invention. 

Fig. 3 is a cross-sectional view showing the struc- 
ture of a field effect semiconductor device according to 
still another embodiment of the present Invention. 

Fig. 4 Is a cross-sectional view showing the struc- 
ture of a field effect semicortductor device according to 
still another embodiment of the present invention. 

Figs. 5(a) to 5(f) are cross-sectional views showing 
fabrication steps for the above field effect semiconduc- 
tor device. 

Figs. 6(a) to 6(g) are cross-sectional views showing 
part of other fabi'ication steps. 

Figs. 7(a) to 7(f) are cross-sectional views showing 
further fabrication steps for the above field effect semi- 
conductor device of the present invention. 

Rgs. 8(a) to 8(d) are cross-sectional views showing 
further fabrication steps for the above field effect semi- 
conductor device of the present invention. 

Rgs. 9(a) to 9(d) are cross-sectional views showing 
further fabrication steps for tine above field effect semi- 
conductor device of the present invention. 

Rg. 10(a) is a view showing the relationshp of the 
voltage between the source and drain to the gate cur- 
rent in tile field effect semiconductor device according 
to the present invention. 

Rg. 10(b) is a view showing the relationship of the 
voltage between the source and drain to tiie gate cur- 
rent in a prior art example. 

Rg. 1 1(a) is a view showing the relationship of the 
voltage between the source and drain to the source- 
drain current in the field effect semiconductor device 
according to the present Invention. 

Rg. 1 1(b) is a view showing the relationship of tiie 
voltage between the source and drain to the source- 
drain current in a prior art example. 

Rgs. 1 2(a) to 1 2(d) are cross-sectional views show- 
ing fabrication steps of a prior art two-level recess struc- 
ture FET. 

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION 

Rg. 1 is a cross-sectional view showing a field 
effect semiconductor device 1 according to an embodi- 
ment of tiie present invention. The field effect semicon- 
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ductor device 1 includes a substrate 2. The substrate 2 
comprises a semi-insulating GaAs layer 3 and an active 
layer 4 provided on the semi-insulating GaAs layer 4. 
The substrate 2 can be formed by implanting impurity 
ions into a surface region of the semi-insulating GaAs 
layer 4 or by epitaxially growing the active layer 4 on the 
semi-insulating GaAs layer 3 through a molecular beam 
epitaxy (MBE) method or the like. 

The field effect semiconductor device 1 includes a 
source electrode 5 and a drain electrode 6 provided on 
the surface of the active layer 4. The source electrode 5 
and the drain electrode 6 extend along a first direction, 
and are sqDarated from each other by a gap which 
extends along a direction substantially perpendicular to 
the first direction. 

A first recess 7 extending in the first direction is pro- 
vided on the upper surface of the active layer 4 between 
the source electrode 5 and drain electrode 6. A gate 
electrode 8 is provided on a bottom of the first recess 7. 
Also, a second recess 9 elongating in the first direction 
is formed on the surface of the active layer 4 between 
the first recess 7 and the drain electrode 6. As shown in 
Fig. 1, although a metal electrode 10 is provided on the 
bottom of the second recess 9. the metal electrode 10 is 
not electrically connected with the gate electrode 8, the 
source electrode 5. drain electrode 6. etc. An insulating 
film 1 1 is provided on the surface of the active layer 4 so 
as to cover at least the second recess 9 and a vicinity 
thereof. 

The second recess 9 is preferably shallower than 
the first recess 7. Specifically, it is preferable that the 
depth of the first recess 7 is in the range of about 0.1 to 
0.5 pm, while the depth of the second recess 9 is in the 
range of about 0.05 to 0.2^m. Moreover, it is preferable 
that the distance between the first recess 7 and the sec- 
ond recess 9 is in the range of about 1.5 to 2.5 ^m. 
However, these values can be changed based on the 
size of an FET to which the present invention is to be 
applied. 

In the field effect semiconductor device 1 having the 
stnjcture explained above, the second recess 9 is pro- 
vided between the first recess 7 and the drain electrode 
6. Since an electric field is localized under the second 
recess 9 as well as under the edge of the gate electrode 
8 provided in the first recess 7 and under the edge of the 
drain electrode 6, the degree of the localization of elec- 
tric field under the edges of the gate electrode 8 and the 
drain electrode 6 can be decreased. In addition, 
because the second recess 9 is more separated from 
the first recess 7 than the distance between the step 
portion ard bottom portion of the conventional step 
recessed structure, the degree of localization of the 
electric field under the edge of the gate electrode 7 and 
the drain electrode 6 is smaller than that in the step 
recessed structure. 

As a result, avalanche breakdown arising from 
localized concentration of the electric field can be sup- 
pressed, and the drain breakdown voltage can be 
improved without adversely affecting high frequency 



characteristics. Further, the leakage cunrent flowing in 
the gate electrode 8 can be reduced. 

Rg. 2 is a cross-sectional view showing the struc- 
ture of a field effect semiconductor device 12 according 

5 to another embodiment of the present invention. In this 
embodiment, the metal electrode 10 shown in Rg. 1 Is 
not provided in the second recess 9. Further, no insulat- 
ing f Dm 1 1 is provided on the surface of the active layer 
4. so the surfaces, the drain electrode 6 and active layer 

10 4 are exposed. However, the entire surface of the sub- 
strate 2 can be covered by a passivation film or the like 
in the final product. 

Rg. 3 is a cross-sectional view showing the struc- 
ture of a field effect semiconductor device 1 3 according 

IS to still another embodiment of the present invention. In 
the field effect semiconductor device 13, no metal elec- 
trode is provided in the second recess 9 although the 
insulating film 1 1 is provided such that the insulating film 
1 1 covers the second recess 9. 

20 Rg. 4 is a cross-sectional view showing the struc- 
ture of a field effect semiconductor device 1 4 according 
to still another embodiment of the present invention. In 
the field effect semiconductor device 14, the metal elec- 
trode 1 0 is provided In the second recess 9, but no insu- 

25 lating film is formed over the second recess 9 and the 
drain electrode 6. 

Hereinafter, methods for producing the field effect 
semiconductor devices described above will be 
explained in detail. 

30 Rgs. 5(a) to 5(f) are cross-sectional views showing 
the method for producing the field effect semiconductor 
device 1 shovyn in Fig. 1. As shown in Fig. 5(a), a region 
in the vicinity of the surface of a semi-insulating GaAs 
substrate (wafer) is doped with impurity ions by an ion 

35 implanting method, thereby obtaining a GaAs substrate 
having an active layer 4 on the semi-insulating GaAs 
layer 3. The active layer 4 can be also epitaxially grown 
on a semi-insulating GaAs subsfrate by a MBE metiiod. 
A source electrode 5 and a drain electrode 6 are formed 

40 on the surface of the active layer 4 fciy a lift-off method or 
the like. 

An insulating film 1 1 Is then formed on the surface 
of the substrate 2 such tiiat the source electrode 5 and 
drain electrode 6 are covered with the insulating film 1 1 . 

45 Portions of the insulating film 1 1 are removed by a pho- 
tolithography and etching method while leaving the 
insulation film 1 1 extending over the region from the 
gate region to the drain electrode 6 (Fig. 5(b)). 

Thereafter, a photoresist 15 is applied to tiie entire 

50 surface of the substrate 2, and a window 16 for forming 
a first recess 7 and a window 17 for forming a second 
recess 9 are simultaneously opened in the photoresist 
15 by the photolKhography method using a photomask. 
At this time, in the region in which the second recess 9 

55 is to be formed, only the photoresist 15 is selectively 
etched and the insulation film 1 1 is not etched. 

Subsequentiy, the active layer 4 is etched using the 
photoresist 15 as a mask and using a phosphoric acid 
type etching solution or the like (Fig. 5(c)). The active 
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layer 4 is shallowly etched at the region corresponding 
to the window 1 6 and a shallow first recess 7 is formed. 
However, the region which is to become the second 
recess 9 is not etched as it is covered by the insulation 
film 11. 5 

Once the first recess 7 has been etched to a certain 
extent, the exposed portion of the insulation film 11 in 
the region which is to become the second recess 9 is 
etched by a wet etching method using an etching solu- 
tion such as BHF. etc.. or a dry etching method such as io 
RIE, etc., and the surface of the active layer 4 is 
exposed through an opening 11a of this insulation film 
11 (Fig. 5(d)). 

Thereafter, the active layer 4 is further etched using 
the photoresist 15 and the insulating film 11 so as to is 
complete the forrhation of the first recess 7 and also 
form the second recess 9. During this step, a voltage is 
applied across the source electrode 5 and the drain 
electrode 6 and a current Igct flowing between the source 
and drain electrodes 5 and 6 is monitored until the cur- so 
rent 1^^ reaches a predetermined current value (Fig. 
5(e)). Since the first recess 7 had already been etched 
to a certain extent, the first recess 7 becomes deeper 
than the second recess 9. 

Subsequently, an electrode metal tor a gate elec- 2S 
trode, such as Ti, Pt, Au. Al. etc. is deposited in the first 
recess 7 and second recess 9 and over the photoresist 
15. Then, the photoresist 15 is removed by a lift-off 
method, thereby forming the gate electrode 8 in the first 
recess 7, and the remaining electrode metal 10 remains 30 
in the second recess 9 (Fig. 5(f)). Thus, ai field effect 
semiconductor device 1 having the structure shown in 
Fig. 1 is fabricated. 

Alternatively, In the case where the insulation film 
1 1 is removed by etching or the like after the afbremen- 35 
tioned processes of Figs. 5(a)-5(c). a field effect semi- 
conductor device 14 of the structure shown in Rg. 4 can 
be fabricated. 

As is apparent from the above explanation, since 
the windows 16 and 1 7 for fomning the first and second 40 
recesses 7 and 9 can be simultaneously formed in the 
same photoresist 15. the first recess 7 and the second 
recess 9 are precisely aligned with each other. There- 
fore, the deviation of high frequency characteristics from 
unit to unit among thus fabricated field effect semicon- 45 
ductor devices is decreased. 

Note that, in the above embodiments, a photoresist 
may also be used in place of the insulation film 1 1 . 

Figs. 6(a) to 6(g) are cross-sectional views showing 
a fabrication method of the field effect semiconductor so 
device 13 shown in Fig. 3. Rgs. 6(a) to 6(e) show the 
same steps as the above Figs. 5(a) to 5(e). As shown in 
Figs. 6(a) to 6(e), after forming a first recess 7 and a 
second recess 9 in the active layer 4. the photoresist 1 5 
is removed. As shown in Fig. 6(f). after applying a pho- 55 
toresist 18 to the entire surface of the substrate 2. a win- 
dow 19 for forming a gate electrode 7 in a position 
conresponding to the first recess 7 is formed in the pho- 
toresist 18. Subsequently, the gate electrode 8 is 
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formed in the first recess 7. Thus, a field effect semicon- 
ductor device 1 3 of a structure as shown in Fig. 3 can be 
fabricated without depositing the electrode metal 10 in 
the second recess 9 (Fig. 6(g)). 

Further, the case where the insulation film 1 1 Is 
removed by etching or the like after the above-explained 
processes of Figs. 6(a)-6(g). a field effect semiconduc- 
tor device 12 as is shown in Fig. 2 can be fabricated. 

Rgs. 7(a) to 7(f) are cross-sectional views showing 
another fabrication method of the field effect semicon- 
ductor device shown in Fig. 1. A first photoresist 20 is 
coated on the entire surface of the suksstrate 2 on which 
the source electrode 5 and drain electrode 6 have been 
formed. The first photoresist 20 Is then patterned so as 
to cover a region where the second recess 9 is to be 
formed and a region where the drain electrode 6 is pro- 
vided (Rg. 7(b)). A second photoresist 21 is applied to 
the entire surface of the suk^strate 2 so as to cover the 
first photoresist 20. Then, using a photolithography 
technique, a window 22 and window 23 are formed in 
the second photoresist 21 (Fig. 7(c)). It is preferable that 
the second r^otoresist 21 is a different type than the 
first photoresist 20 or that the first photoresist 21 is pre- 
viously baked hard so that the photolithography process 
for the second photoresist 21 does not affect the first 
photoresist 20. 

Subsequently, the active layer 4 is etched using the 
second photoresist 21 as a mask and using a phos- 
phoric add type etching solution or the like (Fig. 7(c)). 
The active layer 4 is shallowly etched at the region cor- 
responding to the window 22 arid a shaltow first recess 
7 is formed. However, the region which is to become the 
second recess 9 is not etched as it is covered by the first 
photoresist 20. 

Once the first recess 7 has been etched to a certain 
extent, the exposed portion of the first photoresist 20 in 
the region which is to become the second recess 9 is 
etched by RIE using an oxygen gas (Fig. 7(d)). 

Thereafter, the active layer 4 is further etched using 
the second photoresist 21 and the first photoresist 20 as 
masks so as to form the first recess 7 and the second 
recess 9 while monitoring the current Iq^ flowing 
between the source and drain electrodes 5 and 6 until 
the current Iq^ reaches a predetermined current value 
(Fig. 7(e)). Since the first recess 7 at this time had 
already been etohed to a certain extent, it becomes 
deeper than the second recess 9. 

An electrode metal is deposited on the first photore- 
sist 20 and the second photoresist 21. and in the first 
and second recesses 7 and 9. After removing the first 
photoresist 20 and the second photoresist 21 . the gate 
electrode 8 is formed in the first recess 7 and the elec- 
trode metal 10 is deposited in the second recess 9 (Fig. 
7(f)). 

According to this method, the first and second 
recesses 7 and 9 having different depths can be simul- 
taneously formed, and the fabrication steps abbrevi- 
ated. 
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Rgs. 8(a) to 8(d) are cross-sectionat views showing 
still another fabrication method of a field effect semicon- 
ductor device according to the present invention. In this 
embodiment, after a photoresist 15 is coated on the 
entire surface of the substrate 2 on which a source elec- 
trode 5 and drain electrode 6 are formed (Fig. 8(a)), the 
photoresist 15 is patterned using a photolithography 
technique to simultaneously open windows 16 and 17 in 
regions where the first and second recesses 7 and 9 are 
to be formed (Fig. 8(b)). Subsequently, the window 16 
for forming the first recess 7 is filled with a resist mate- 
rial 24 and the second recess 9 is formed through the 
window 17 (Fig. 8(c)) by etching the active layer 4 using 
the photoresist 1 5 as a mask. Thereafter, only the resist 
material 24 in the window 16 is selectively etched and 
removed, and the second recess 9 is covered by a resist 
material 25. The first recess 7 is then formed by etching 
the active layer 4 through the opened window 1 6 deeper 
than the second recess 9 (Fig. 8(d)). The gate electrode 

8 is formed in the first recess 7. and the photoresist 15 
and resist material 25 are removed to obtain a field 
effect semiconductor device 12 shown in Rg. 2. 

Note that the order of filling the windows 16 and 1 7. 
can be changed. Specifically, in an alternate process, 
after forming the first recess 7 by filling the window 17 
with the resist material 25 arxi forming the gate elec- 
trode 8 in the first recess 7, the first recess 7 and gate 
electrode 8 can be covered with the resist material 24 
and the second recess 9 can be formed thereafter. 

Rgs. 9(a) to 9(d) are cross-sectional views showing 
still another fabrication method of a field effect semicon- 
ductor device according to the present invention. In this 
embodiment, after the photoresist 15 is coated on the 
entire surface of the substrate 2 (Fig. 9(b)) on which a 
source electrode 5 and drain electrode 6 are formed as 
shown in Fig. 9(a), the photoresist 15 is patterned using 
a photolithography technique to open windows 16 and 
1 7 in regions where the first and second recesses 7 and 

9 are to be formed (Fig. 9(c)). The first and second 
recesses 7 and 9 are simultaneously formed by etching 
the active layer 4 through the windows 16 and 17. 
Thereafter, the gate electrode 8 is formed In the first 
recess 7 and the electrode metal 10 is deposited in the 
second recess 9 (Fig. 9(d)). 

According to this embodiment, although the second 
recess 9 is the same depth as the first recess 7. the 
manufacturing steps are shortened. The field effect 
semiconductor device produced by this embodiment is 
suitably used as a low power FET having a high break- 
down voltage. 

Generally, the gate-drain resistance increases as 
the depth of the second recess 9 increases. Therefore, 
it is preferable that the depth of the second recess 9 is 
smaller in order to obtain a field effect semiconductor 
device having a high output. 

However, as long as the depth of the second recess 
9 is equal to or smaller than that of the first recess 7, the 
breakdown voltage is improved without substantially 



degrading the device characteristics such as output, 
efficiency, cut-off frequency (fy). and so on. 

On the contrary, if the depth of the second recess 9 
were greater than that of the first recess 7. the field 

5 effect semiconductor device could not be controlled by 
applying any gate bias voltage to the gate electrode in 
the case where the source-drain voltage is about OV. 

Rg. 10(a) and Fig. 11(a) are charts showing the 
characteristics of gate current Ig and source-drain cur- 

10 rent Igd with respect to various gate voltages Vg^ in a 
field effect semiconductor device (GaAs MESFeT) of 
the present invention, and Fig. 10(b) and Rg. n(b} are 
charts showing the characteristics of a gate current Ig 
and a source-drain current \^ in a field effect semicon- 

15 ductor device accofding to a prior art example. The 
charts of Rg. 10(a) and Fig. 11(a) were obtained by 
measuring the field effect semiconductor device 1 as 
shown in Fig. 1 manufactured by the fabrication method 
of Fig. 5. Fig. 10(b) and Fig. 11(b) were obtained by 

so measuring a step recessed structure GaAs MESFET 51 
as shown in Fig. 12. The abscissa of each chart is the 
voltage between the source and drain electrode, the 
ordinates of Fig. 10(a) and 10(b) are the gate current Ig, 
and the ordinates of Fig. 11 (a) and 11 (b) are the 

25 source-drain current loa- 

In the prior art characteristic charts of Fig. io(b) 
and Fig. 1 1(b), the gate current Ig increases as the volt- 
age Vgcj increases from about 8V. The source-drain cur- 
rent Isd increases due to avalanche breakdown as the 

30 voltage Vgd increases from about 9.5V. Moreover, as 
shown in the portion I of Fig. 11 (b), the gd (drain con- 
ductance) increases as the voltage increases. 

In contrast, in the characteristic charts of the 
embodiments of the present invention of Fig. 10(a) and 

35 Fig. 11(a), a stable characteristic can be seen in either 
chart. In particular, where the voltage is 12V and the 
gate voltage Vgs is OV, in the field effect semiconductor 
device of the present invention, the gate current Ig is 
approximately -250nA (portion A in Fig. 10(a)). It is 

40 understood that this is a great improvement over the 
characteristic of the prior art example. The drain con- 
ductance gd also is greatly Improved as shown In Fig 
11(a). 

Although the above-explained embodiments of the 
45 present invention are directed to GaAs MESFETs, it is 
understood by the person skilled in the art that the 
present invention can be applied to a field effect semi- 
conductor device other than a MESFET, for example a 
junction f i^d effect transistor, and so on. Moreover, an 
so active layer of a field effect semiconductor device of the 
invention can be made of InGaAs. InR and so on. 

While preferred embodiments of the invention have 
been disclosed, various modes of carrying out the prin- 
ciples disclosed herein are contemplated as being 
55 within the scope of the following claims. Therefore, it is 
understood that the scope of the invention is not to be 
limited except as othenvise set forth in the claims. 
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Claims 

1 . A field effect semiconductor device comprising : 

an active layer having a first recess on the sur- 
face thereof; 

a source electrode and a drain electrode pro- 
vided on the active layer with the first recess 
being between the source electrode and the 
drain electrode: 

a gate electrode provided in the first recess; 
and 

a second recess on the surface of the active 
layer between the first recess and the drain 
electrode. 

2. The field effect semiconductor device according to 
claim 1p wherein the second recess is shallower 
than the first recess. 

3. A method for ^ricating a field effect 

semiconductor device, comprising the steps of: 
forming a coating on an upper surface of an 
active layer; 

simultaneously forming openings in the coating 
at positions where first and second recesses 
are to be formed; and 

forming first and second recesses by etching 
the active layer through each of the openings 
provided In the coating. 



70 
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forming a first coating in at least a region where 
a second recess is to be formed, but not a 
region where a first recess is to be formed, on 
an upper surface of an active layer; 
forming a second coating on the upper surface 
of the active layer from above the first coating; 
simultaneously forming openings in at least the 
second coating at positions where the first and 
second recesses are to be formed; 
forming the first recess by etching the active 
layer through an opening in the second coating; 
and 

forming the second recess by etching the 
active layer through an opening in the second 
coating and an opening formed in the first coat- 
ing corresporvJing to the opening in the second 
coating. 

The method of claim 7, wherein the second recess 
is shallower than the first recess. 

The method of claim 8, wherein the second recess 
is formed shallower than the first recess by utilizing 
differences in etching characteristics of the first 
coating and the second coating. 



The method of claim 3. vi/herein tiie second recess 
is shallower than the first recess. 

A method for fabricating a field effect semiconduc- 
tor device, comprising the steps of: 



35 



forming a coating on an upper surface of an 
active layer; 

simultaneously forming first and second open- 
ings in the coating at positions where first and 
second recesses are to be formed; 
sealing one of said first and second openings 
with a resist material and one of the first and 
second recesses through the other opening; 
and 

reopening the one opening sealed by the resist 
materia! and sealing the other opening with a 
resist material, and forming the other of the first 
and second recesses through tine reopened 
opening. 
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6. The field effect semiconductor device according to 
claim 5. wherein the second recess is shallower 
than the first recess. 
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7. A method for fabricating a field effect semiconduc- 
tor device, comprising the steps of: 
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FIG. 7(a) 
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FIG. 7(d) 
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FIG. 12 (a) 
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